Appearance of immunoreactive sucrase-isomaltase complex was observed in rat small intestine during postnatal development and maturation along the villus-crypt axis by single radial immunodiffusion. The immunoreactive sucrase-isomaltase complex in brush-border mem brane increased in parallel with enzyme activities until weaning. After weaning, higher amounts of the immunoreactive enzyme proteins were found as compared with their activities. On the other hand, during cell maturation in adult rat jejunum, the immunoreactive enzyme proteins increased with the activities of sucrase-isomaltase complex. However, a significant amount of the immunoreactive enzyme proteins was observed in the crypt cells with low enzyme activities. Chromatographic profiles on Sephadex G-200 column of the sucrase-isomaltase complex in the upper villus and crypt cells did not change. From these results, it is suggested that the appearance of sucrase and isomaltase activities until weaning is ascribed to the synthesis of an active sucrase-isomaltase complex or the synthesis of an inactive proenzyme followed by rapid conversion to active enzyme, and during cell maturation, it is caused by the synthesis of the inactive proenzyme in the crypt cells followed by its activation in the villus cells.
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Membrane digestive enzymes are localized on the brush-border membranes of enterocytes, and are subjected to changes in their activities by various factors. The most remarkable changes are observed in the course of development (1 , 2) , and of maturation of epithelial cells during migration from the crypt up to the villus tip (3) .
Sucrase is a membrane digestive enzyme, which is induced at the time of weaning in mammals (4, 5) , and increases its activity during maturation of epithelial cells along the villus-crypt axis (6) . Furthermore, it is demonstrated that sucrase forms an enzyme-enzyme complex with isomaltase on the intestinal brush border membranes (7) (8) (9) . However, it is not known how sucrase and isomaltase appear as a complex in the course of development and of epithelial cell maturation.
Dubs et al, reported that a catalytically inactive sucrase antigen was observed in the small intestinal mucosa of young rabbits still lacking sucrase activity and on the enterocytes of mucosal crypts in adult rabbits (10) . This observation suggests that sucrase and isomaltase are synthesized as an inactive protein and then subjected to modification into a catalytically active protein. However, it is still controversial whether the appearance of enzyme activities is the result of modification of pre-existing proteins in the enterocytes rather than synthesis of new proteins (11) .
In our previous study, we demonstrated that sucrase and isomaltase appear simultaneously as a complex with molecular weight about 200,000 daltons, at 15 days after birth, in rat intestine (12) . The present study was undertaken to determine quantitatively immunoreactive sucrase-isomaltase complex during postnatal development and maturation along the villus-crypt axis of rat small intestine, and the results are discussed with changes in enzyme activities during these processes. METHODS 1. Animals. Nonstarved adult rats weighing 200g and suckling rats of Wistar strain were used for the experiment. The suckling rats remained with their mothers until the following developmental ages were reached: 12, 15, 18 , 21 and 25 days. Water and laboratory chow (Oriental Yeast Co.) were given ad libitum. Rats were killed by decapitation between 13:00 and 15:00hr.
2. Preparation of brush-border membrane. Small intestine of adult rats and of rats of different ages were removed. The mucosal scraping of one animal was used for preparation of brush-border membranes, but three to four scrapings were pooled for ages younger than 18days. The brush-border membranes were prepared from the mucosal scraping according to the method of Kessler et al . (13) . Mucosal scrapings were suspended in 30 vol of ice-cold 50mM mannitol in 2mM Tris-HC1 buffer (pH 7.1) and homogenized in a Waring blender at maximum speed for 2min. Solid calcium chloride was added to the homogenate to give a final concentration of 10mM. After standing in the cold for 20min, the suspension was 
RESULTS
1. Developmental changes of sucrase-isomaltase complex in rat intestinal brush border membrane In the course of development, rat intestinal sucrase and isomaltase activities appear at the time of weaning. Our previous study on Sephadex G-200 column chromatography of papain-solubilized disaccharidase from rat intestine of different ages revealed that sucrase and isomaltase activities appeared simultaneously as a complex in the brush-border membrane 15days after birth, and the activity ratio of sucrase to isomaltase changed thereafter (12) .
In good agreement with our previous study , sucrase and isomaltase activities appeared 15days after birth and increased rapidly until weaning; after weaning, the enzyme activities decreased. Thus, the activity ratio of sucrase to isomaltase gradually increased from 0.57 to 1.98 in the course of development (Table 1) .
In order to know whether the increase in activities of sucrase-isomaltase complex may be ascribed to the synthesis of the enzyme or the activation of proenzyme, the brush-border membranes were isolated from suckling and adult rat intestines, and their content of immunoreactive sucrase-isomaltase complex was determined in papain-solubilized fraction by single radial immunodiffusion using specific antiserum against sucrase-isomaltase complex. The immunoreactive sucrase-isomaltase complex increased in parallel with the activities until weaning , however, higher amounts of the immunoreactive sucrase-isomaltase complex were found in the adult rat as compared with their activities (Table 1) .
Changes of sucrase-isomaltase complex in epithelial cell migration from the crypt up to the villus tip
The epithelial cell of the intestine begins as an undifferentiated cell at the base of the crypt and migrates to the villus tip accompanied by functional changes. Sucrase activity in the intestinal epithelial cell is subjected to changes during migration from crypt to villus tip (3). Therefore, villus and crypt cells were separated from adult intestinal mucosa and the changes of sucrase-isomaltase complex during cell migration from the crypt to the villus tip was observed.
In the initial experiment, the distribution of sucrase and isomaltase activities was observed in tissue sections serially sliced from the villus tip to the crypt. As shown in Fig, 1 , the distribution of sucrase and isomaltase activities were similar , with high activities located in the apical and middle villus . These activities decreased in the basal part of the villus and were much lower in the crypt . Histologic observation revealed that the tips of the villi were more circular in crosssection, the middle of the villi were long and the crypts were like islets (Fig. 2) . This method does not give sufficient villus cells or crypt cells to determine immunoreactive sucrase-isomaltase complex or to subject them to Sephadex G-200 column chromatography. Therefore, the epithelial cells were isolated according to the method of Weiser (14) . This method appeared to separate cells similar to the villus to crypt gradient as does the sectioning method (Fig. 3) . Sucrase and isomaltase activities were high in the upper villus and low in the crypt. Furthermore, histologic examination showed that villus and crypt cells were well separated. As shown in Fig. 4 , two types of epithelial cells were observed. Large columnar cells with brushborders were from the upper or middle villus and smaller rounded cells were from the crypt.
Sucrase-isomaltase complex was solubilized by papain from these isolated epithelial cell homogenates. The immunoreactive sucrase-isomaltase complex was determined in the papain-solubilized fraction. The immunoreactive sucraseisomaltase complex was increased with the migration of epithelial cells from the crypt to the villus tip. However, it is interesting to note that a significant amount of protein with immunoreactivity against anti-sucrase-isomaltase antibody was detected in the crypt cells in spite of low sucrase and isomaltase activities (Fig. 3) .
Sephadex G-200 column chromatography of sucrase-isomaltase complex in the upper villus and crypt cells
In order to examine whether sucrase exists as a complex in the crypt cells, the chromatographic behavior on Sephadex G-200 column of papain-solubilized fractions was observed in the isolated cells from the upper villas and crypt. Chromatographic profiles of the upper villas cells and crypt cells revealed that the main maltase activity was eluted at the void volume of the column, while sucrase and isomaltase activities were retained on Sephadex and eluted later, suggesting that sucrase and isomaltase exist as a complex in the crypt cells as well as in the villas cells (Fig. 5) . On the other hand, free isomaltase, which was observed in the suckling rat intestine (12), was not detected. The activity ratio of sucrase to isomaltase did not show any significant changes between villus and crypt cells. In the present paper, the appearance of immunoreactive sucrase-isomaltase complex was observed in rat small intestine during postnatal development and maturation along the villus-crypt axis by single radial immunodiffusion using specific antiserum against sucrase-isomaltase complex.
In the course of development, the activities of sucrase-isomaltase complex were increased in parallel with the increase in immunoreactive sucrase-isomaltase complex until weaning. This finding suggests that the increase in activities of sucrase-isomaltase complex until weaning will be ascribed to the sysnthesis of active enzyme or the synthesis of inactive proenzyme followed by rapid conversion to active enzyme.
Dubs et al, reported the presence of proenzyme of active sucrase in suckling rabbit intestine and in the crypt cells of adult rat intestine by immunofluorescence microscopy (10) . Inability to detect immunoreactive sucrase-isomaltase complex prior to the appearance of the enzyme activity in rat intestinal brush-border is probably not solely due to the sensitivity of the method, but due to the species differences or different intracellular localization of the proenzyme . In the suckling animal, some digestive enzymes exist in a soluble form and most other intestinal proteins are also altered during development (2) . Therefore, it is still possible that inactive sucrase-isomaltase complex exists in the epithelial cell except for brush border membrane in suckling rat.
During development, the increase of immunoreactive sucrase-isomaltase complex was parallel to the increase of sucrase activity rather than isomaltase activity. The antiserum used could react immunochemically with the sucrase moiety and also isomaltase moiety (16) , however, it is not known whether the immunoreactivity of the antiserum against both moieties is the same during developmental changes of sucrase-isomaltase complex. It is possible that some changes occur in the immunoreactivity accompanying the modification of sucrase isomaltase complex.
On the other hand, higher amounts of the immunoreactive enzyme proteins were detected in crypt cells of adult rat intestine compared with their activities. This suggests that the inactive or low activity sucrase-isomaltase complex exists in the crypt cells of adult rat intestine as observed in those of adult rabbit intestine .
The inactive sucrase-isomaltase complex was detected immunologically in patients with sucrase-isomaltase deficiency, their siblings or normal human jejunal crypts (19) (20) (21) . The absence of enzyme activity in the patient could be explained by a mutation of the structural gene. However, it is thought that inactive enzyme , which is observed in the crypt cells of adult rat intestine, is mildly different from active enzyme. The rabbit sucrase-isomaltase complex appears to be inserted into the plasma membrane via its N-terminal region (22) . Therefore, inactive enzyme will be subject to activation such as changes of integration into plasma membrane , separation of a small peptide or modification of sugar moiety in the enzyme . It is of interest that the changes in sucrase activity of rat intestinal mucosa by sucrose feeding appeared to be initiated at the level of crypt epithelial cells (23) .
On the other hand, chromatographic behavior on Sephadex G-200 column showed that sucrase and isomaltase formed a similar complex in villas and crypt cells. This indicates that sucrase and isomaltase appear as a complex in crypt cells. In the course of development, sucrase and isomaltase appear as a complex, however, the activity ratio of sucrase to isomaltase changes from 0.57 to 1.98. Furthermore, free isomaltase, which does not make a complex with sucrase, was observed in the soluble fraction of intestinal cells of suckling rat (12) . Free isomaltase was not observed in the crypt cells of adult rat intestine.
From these results, it is suggested that the activation of sucrase-isomaltase complex during development is slightly different from that in the process of maturation of epithelial cells along the villas-crypt axis. However, further studies will be required to solve the activation mechanism of proenzyme and its subcellular localization except for brush-border membrane.
